Abstract. In this paper, pepsin, trypsin and chymotrypsin were used to hydrolyze royal jelly water soluble proteins from Xinjiang Black Bee, and peptides with the molecular weight of more than 10kD, 3-10kD as well as less than 3 kD were obtained by using ultrafiltration. Through the determination of total antioxidant capability, 1, 1-Diphenyl-2-picrylhydrazyl radical scavening ability and inhibitory ability against oxidation of linoleic acid, the antioxidant activities of water soluble proteins in royal jelly and their hydrolysates were surveyed. The results indicated that all hydrolysates have antioxidant properties and hydrolysates hydrolyzed by pepsin and trypsin both showed the highest antioxidant activity. Besides, hydrolysates hydrolyzed by trypsin showed highest antioxidant activity than those by pepsin. We also found that peptides with the MW less than 3 kD showed the strongest antioxidant activity, then 3-10 kD peptides, and finally more than 10 kD peptides showed the lowest antioxidant activity.
Introduction
Xinjiang Black Bee belonging to the same strain with Apis mellifera, also known as Ili black bee, is one of the four major bee species in the world. The Black Bee mainly distributed in Xinjiang Ili, Tacheng, Altay, Xinyuan, Turks, Nileke, Zhaosu, Gongliu, Yining, Burqin and other places. The main food for Black Bee is pollution-free flowers growing at an altitude of 1800 to 2500 meters [1] .
Royal jelly, also known as bee milk, is young worker bees' secretions of mandibular gland and hypopharyngeal gland, which is white or milky yellow viscous material, with a special smell, and used for feeding queen bee and larvae [2] . Fresh royal jelly contains a lot of active ingredients. What's more, the results showed that fresh royal jelly has the biological function of natural protein such as antioxidant, antibacterial, regulating immunity, lowering blood sugar, prevention cancer and anti-cancer, relieving fatigue, lowering blood pressure, protecting nerve cells, promoting cell proliferation [3] [4] [5] [6] [7] [8] [9] [10] . This is widely used in the field of pure natural food production.
Studies shows that fresh royal jelly is complex mixture, which contains 60-70% of water, 10-16% of sugar, protein 12-15%, lipid 3-6%, vitamins, free amino acids, minerals and other 2-3%.
The variety and quantity of proteins, sugars and other major components obtained from royal jelly is influenced by many factors, such as types of bees, honey sources, production season, climate differences, growth and development of bees and so on [11] [12] [13] .
Royal jelly has a wide variety of proteins and extremely rich in content, so the anti-oxidation effect is not the same.
In this experiment, the royal jelly water-soluble protein of the Black Bee from Xinjiang was used as the raw materials, and the enzyme products which were hydrolyzed by pepsin, trypsin and chymotrypsin were subjected to ultrafiltration with different specifications of the ultrafiltration tube. The enzyme products according to peptides molecular weight were divided into more than 10 kD, 3-10 kD and less than 3 kD, respectively. To study the antioxidant activity of the royal jelly hydrolyzates of Xinjiang Black Bee, we then measured the ability of removal of DPPH• and inhibition of linoleic acid oxidation and total antioxidant capacity. 
Materials and Methods

Material and Instruments
Methods
Preparation of Water Soluble Proteins (WSPs) of Royal Jelly. According to Osboren classification, we took fresh Xinjiang Black Bee royal jelly freezed to dry and got the powder. The dry powder was stirred in petroleum ether at 4℃ for 2 h, and filtered to get the solid. The process was repeated three times to obtain the dry powder. Take the appropriate amount of royal jelly which was degreased in distied water, and repeated this extraction three times, and then merge the extracts to get the total water-soluble proteins. The total water-soluble proteins were dialyzed with 14 K dialysis membrane, and were freezed to dry to obtain the main protein of royal jelly.
Prepare Hydrolyzate of Water Soluble Proteins and Different Molecular
Weight Peptides in Royal Jelly. Weighing 2 g of Black Bee royal jelly water soluble proteins dissolved in 60 mL of ultra-pure water was divided into four copies, which were enzymed with pepsin, trypsin, chymotrypsin, pepsin and chymotrypsin in the optimum conditions [14] [15] . At the end of enzyming, placing the four parts of the hydrolyzates above in a constant temperature water bath boiled for 15 minutes inactivating the enzymes. The inactivated hydrolyzates were obtained by centrifugation at 12,000 rpm for 10 min at 4℃, and the hydrolyzates in turn were named pepsin water soluble proteins (P-WSPs), trypsin water soluble proteins (T-WSPs), chymotrypsin water soluble proteins (C-WSPs), pepsin and chymotrypsin water soluble proteins (P-C-WSPs). The hydrolyzates were separated by ultrafiltration with 10 kD and 3 kD ultrafiltration tubes to obtain the hydrolyzates of less than 3 kD, 3-10 kD, more than 10 kD peptides.
Determination of Antioxidant Activity of Water Soluble Proteins. Refer to the method of Singh et al [16] . Remove 5 mL of 0.05 mg/mL sample solution in 25 mL scale tube, add 0.2 mmo/L DPPH· solution 2 mL, methanol volume, shake, at room temperature for 40 minutes. The absorbance A 1 was measured at a wavelength of 517 nm, and at the same time the absorbance A 0 at the initial concentration of DPPH was measured. The DPPH radical scavenging rate of the sample was calculated according to the following formula.
DPPH radical scavenging rate /% = (1-A 1 / A 0 ) ×100 Take the preparation of 0.1 mg/mL of the Black Bee royal jelly water-soluble protein components to be tested and the control group 1 mL, add 1 mL of linoleic acid anhydrous ethanol solution at a concentration of 2.50% (v / v), then add 2 mL of 0.05 mol/L phosphate buffer solution (pH = 7.0) and 1 mL of anhydrous ethanol (for the test sample) or deionized water (for control), respectively. Seal and place in the dark at 37 ℃ constantly. Blank group without antioxidant and the other steps the same as above [17] . Take 5 mL of the above mixture, add 5.00 mL of 75% ethanol solution and 0.5 mL of 30% NH 4 SCN, then add 0.5 mL 0.02 mol/L FeCl 2 dissolved in 3.5% hydrochloric acid, measure its absorbance at 500 nm after accurate reaction for 3 min. Futhermore, it was measured every 24 hours.
Prepare 0.1 mg/mL Black Bee royal jelly water-soluble protein samples of each component follow the instructions according to the T-AOC kit, measure absorbance at 520 nm. The test was repeated 3 times and averaged. In this experiment, the total antioxidant capacity was reflected according to the difference of the sample tube and the control tube at 520 nm (ΔA520), besides, the more the difference, the greater the total antioxidant capacity [18] . Figure1: All components of the Black Bee royal jelly in Xinjiang have some antioxidant effect, and the antioxidant capacity of different enzymes is different. The ability of each hydrolyzate to DPPH· cleavage increases with the increase of protein concentration. Among them, the most effcient hydrolyzate is enzymed by pepsin and chymotrypsin, followed by the chymotrypsin, and then trypsin, and the weakest DPPH scavenging activity is pepsin hydrolyzate. The order of removal ability of DPPH · was: pepsin and chymotrypsin hydrolyzate>chymotrypsin enzyme> trypsin hydrolyzate> pepsin hydrolyzate. Figure2: The DPPH · free radicals scavenging ability of each ultrafiltration component of water soluble proteins of royal jelly decreased with the increase of molecular weight of royal jelly protein. Among the three peptide fragments isolated from water-soluble protein hydrolyzate, the efficiency is less than 3 kD, followed by 3-10 kD, the weakest is more than 10kD when take the DPPH · radical scavenging ability into consideration. The order of DPPH · free radical scavenging ability of the ultrafiltration components of the royal jelly peptides was as follows: less than 3kD>3-10kD>more than10 kD. Comprehensively, after digestion with chymotrypsin and trypsin, the peptide of the water-soluble protein of the Black Bee royal jelly with molecular weight less than 3 kD was better for DPPH · radical scavenging ability. It can be seen from Table 1 , the same concentration of the Black Bee royal jelly water-soluble protein components of the enzymatic products of linoleic acid oxidation have a certain inhibitory effect, the royal jelly water-soluble protein enzymed by pepsin and trypsin on the inhibition of linoleic acid is the strongest, followed by the chymotrypsin, and then trypsin, the lowest was enzymed by pepsin. The order of antioxidation of linolenic acid was as follows: pepsin and chymotrypsin hydrolyzate>chymotrypsin hydrolyzate> trypsin hydrolyzate> pepsin hydrolyzate, which was the same as free radical scavenging of DPPH·. Judging from the experimental data, the inhibitory effects of different peptides on the oxidation of linoleic acid were different, and the smaller the molecular weight, the more obvious the inhibitory effect. Overall, the order of the ability of different peptides of Black Bee royal jelly water soluble proteins inhibit linoleic acid oxidation is: molecular weight less than 3 kD> 3-10 kD> more than 10 kD.
Results and Analysis
DPPH • Free Radical Scavenging by Samples
Determination of Total Antioxidant Capacity of Enzyming Ultrafiltration Products of Royal Jelly Water-solube Protein
We use the antioxidants which can make Fe 3+ reduced to Fe 2+ to determine the total antioxidant capacity, and Fe 2+ can form stable complexes with phenanthrene. We will know the total antioxidant capacity by the method of colorimetric. Besides, the greater the difference in absorbance between the determine tube and the control tube, the stronger the antioxidant capacity. The total antioxidant capacity of the royal jelly extracted at the same concentration was investigated and the results are shown in figure three. At the same concentration, the order of the total antioxidant capacity of the different components was: pepsin and chymotrypsin hydrolyzate>chymotrypsin hydrolyzate> trypsin hydrolyzate> pepsin hydrolyzate. The weakest antioxidant capacity is the peptide> 10 kD from the hydrolyzate of royal jelly water soluble proteins, the strongest is the peptide<3 kD.
Conclusion
The results showed that the free radical scavenging ability overall strength was: pepsin and chymotrypsin hydrolyzate>chymotrypsin hydrolyzate>trypsin hydrolyzate> pepsin hydrolyzate. The hydrolyzate of the water-soluble protein of the Black Bee royal jelly that is separated by the membrane of the ultrafiltration tube becomes different peptides of hydrolysis, among them, the strongest antioxidant activity of the hydrolyzate is less than 3 kD peptide, followed by 3-10 kD peptide hydrolyzate, the lowest antioxidant activity is the hydrolysis products of that more than 10 kD peptide. The effect of hydrolysis of royal jelly water-soluble protein at the same concentration to inhibit the oxidation of linoleic acid and DPPH· radical scavenging is basically the same. We found that the total antioxidation of small molecule peptides was much better in the analysis of total antioxidation. So, we can infer that the smaller the peptides of the Black Bee water-soluble protein, the better the antioxidant capacity.
Summary
The results indicated that all hydrolysates of royal jelly have antioxidant properties and hydrolysates hydrolyzed by pepsin and trypsin both showed the highest antioxidant activity. Besides, hydrolysates hydrolyzed by trypsin showed higher antioxidant activity than those by pepsin. We found that peptides with the MW less than 3 kD showed the strongest antioxidant activity, then 3-10 kD peptides, and finally more than 10 kD peptides showed the least antioxidant activity. 
